similarly analysed. Urine was prepared for phenol red analysis by adding 1 ml. of buffer (Schedl and Clifton, 1961) and one drop of concentrated NaOH to 10 ml. of urine.
Polyethylene glycol and phenol red concentrations were measured both in the solution perfused (initial concentration, CI) and the samples (final concentration, CF). The ratio CI/CF indicates volume in the bowel lumen relative to volume infused under the steady-state conditions during collection of the sample. During net water absorption, CF of the indicator rises and the ratio falls below unity. During net secretion into the bowel, CF falls and the ratio becomes greater than one. Several different solutions were perfused in succession. There were half-hour washes with each solution before three or more successive samples were collected for analysis. About half the studies are from first, or 1, and half from nonfirst, non-1, solutions. First and non-first solutions both contained polyethylene glycol and phenol red, but the non-first was preceded by a solution containing only polyethylene glycol. During perfusion of both together in the first solution, it may be assumed that both are equally affected by dilution from secretions in the bowel lumen. In a non-first solution, i.e., a polyethylene glycolphenol red solution perfused after a solution of polyethylene glycol, phenol red could be diluted by a preceding solution lacking it. This could occur even after the half-hour wash with the polyethylene glycol-phenol red solution that preceded collection of the sample. There would probably not be any effect on polyethylene glycol, since its initial concentration was the same in both solutions. The CF of phenol red would be decreased and the ratio CI/CF would be larger than for polyethylene glycol. Since three or more successive samples were analysed from the polyethylene glycol-phenol red solution, the pattern of both indicators could be determined. If dilution by the previous solution not containing phenol red appeared to be lowering the concentration of phenol red relative to polyethylene glycol, such samples were excluded, and as absorption of phenol red is more 159 rapid in acid solutions, samples having a pH below 5 5 were not included.
The tabulated data are CI/CF for the two indicators.
First and non-first solutions are treated separately. Phenol red-560 (P.R. 560) is from absorbancy at 560 mu; phenol red ratio corrected (P.R.C.) is CI/CF calculated from phenol red absorbancies measured at 520, 560, and 600 miz by the formula: corrected absorbancy = 560 -1/2(520 + 600). This corrects for linear background absorbancies in this region of the spectrum (Allen, 1950) .
Urine was collected for the 18-hour period following infusions in B.B., a patient with non-tropical sprue. The individual specimens were analysed for phenol red.
RESULTS
Data in normal subjects for polyethylene glycol and phenol red are compared in Table I . Individual and population means and correlation coefficients of first and non-first solutions are given. Standard deviations and ranges for the population are also given. The means for polyethylene glycol, P.R.C., and phenol red-560 agree closely, and polyethylene glycol, P.R.C., and phenol red-560 correlate closely. Correlation of polyethylene glycol with P.R.C. is probably slightly better than with phenol red-560, at least in first solutions. The same data for patients with malabsorption are compared in Table II . The means for P.E.G., P.R.C., and phenol red-560 for individuals and groups usually agree fairly well, although not as closely as in the normal subjects ( (Shaffer, Critchfield, and Nair, 1950) , but their passage through the cell membrane is limited by their size and shape (Shaffer and Critchfield, 1947) . Phenol red is a triphenylmethane dye and the molecule is too large to pass through pores in the intestinal membrane. Since phenol red is a strong electrolyte and is lipid insoluble and hydrophilic at the pH of the small bowel, it is slowly absorbed. These diverse molecules are measured by widely differing methods: P.E.G. turbidimetrically, phenol red colorimetrically. It seemed of interest to compare indicator data on two such widely differing substances, as some insight into the validity of using non-absorbed indicators, and the reproducibility and reliability of indicator measurements might thereby be gained.
In general the data on normal subjects ( The following considerations are important in the interpretation of discrepancies between polyethylene glycol and phenol red data: 1 analytical problems posed by interference from coloured samples in phenol red analysis, and 2, absorption of indicator. 1 COLOURED SAMPLES When samples are coloured, the apparent CF is raised, and when phenol red-560 is calculated the ratio CI/CF is lowered. Samples from perfusion often have a yellow colour acquired from intestinal contents. The samples show an absorption spectrum which is nearly linear over the range 520-600 m,i, with an upward slope toward shorter wavelengths. Measurements at three wavelengths correct for errors from the presence of such colours in samples (Allen, 1950) . Such interference would give P.R.C. ratios that are higher than phenol red-560 ratios. This is generally true for both normal subjects and patients (Tables I and II ). Assuming that the data for polyethylene glycol do not suffer from this source of interference because polyethylene glycol is analysed in a colourless filtrate, the finding that P.E.G. correlates better with P.R.C. than phenol red-560 is also in accord with more interference with phenol red-560 than P.R.C. Examination of the data, however, shows that no great advantage is usually gained by the additional measurements required to obtain phenol red ratio corrected. 2 INDICATOR ABSORPTION A considerable body of evidence supports the virtual non-absorption of polyethylene glycol (Shaffer and Critchfield, 1947; Sperber and Ekman, 1953; Jacobson et al., 1963) .
There is general agreement that phenol red is absorbed, but estimates of rate vary (Reynell and Spray, 1956; Schanker et al., 1958; Pearson, 1958; Wiggins and Dawson, 1961; Levitan, Bikerman, Burrows, and Ingelfinger, 1963) . Phenol red absorption, by lowering CF, would raise both P.R.C. and phenol red-560 ratios. Thus, assuming P.E.G. to be unabsorbed, the extent to which phenol red ratios are greater than P.E.G. ratios gives an index of phenol red absorption. Regardless of indicator absorption, phenol red-560 values would be affected by colour in samples. The greater the amount of colour the lower phenol red-560 relative to P.R.C.
In patient B.B. both P.R.C. (1 18) and phenol red-560 (108) are greater than P.E.G. (1.02) (Table II) , which is consistent with phenol red absorption. The P.R.C. was greater than phenol red-560, as expected in the presence of coloured samples. Indicator absorption was studied by analysing urine for phenol red and polyethylene glycol, which was not detected. Phenol red was always found, but total excretion in 18 hours averaged only 5 % of retained phenol red (Table III) . Usually less than 2% was excreted in the first two hours. The largest portion of phenol red was excreted in the second specimen which was collected several hours subsequently. Using this index of phenol red absorption, the magnitude of the discrepancy between P.E.G. and phenol red data in B.B. cannot be explained by phenol red absorption. The general tendency for slightly higher values for P.R.C. than for P.E.G. in other subjects (Table I and II) can be explained by the slow rate of phenol red absorption.
These studies support the use of P.E.G. and phenol red as indicators for small intestinal perfusion studies. More consistent data with the two indicators are obtained in normal subjects than in patients with malabsorption. In perfusion studies the stomach is bypassed and a short segment of bowel is perfused under steady-state conditions. The total time between entry and sampling when the indicator is in contact with mucosa is relatively short. These experimental conditions probably account for some apparent discrepancies with previous findings with phenol red. Thus, gastric absorption at the low pH of the stomach converting phenol red to the unionized form, as well as longer mucosal contact time, are involved in a study reporting high urinary phenol red excretion (Levitan et al., 1963) . We also observed phenol red absorption but the rate is slow under the conditions of our studies. Our data agree with the many reports that polyethylene glycol is not appreciably absorbed. If absorbed into the blood, circulating polyethylene glycol would be excreted in the urine (Shaffer, Critchfield, and Carpenter, 1948 
